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1    Introduction 

Background 

CE-QUAL-ICM (Cerco and Cole 1995) is a three-dimensional (3-D) water 
quality model based on the finite volume approach. There are two versions of 
Üiis model, a eutrophication version documented by Cerco and Cole (1995), and 
a toxic substance version referred to as ICM/TOXI documented by Wang et al. 
(1996). The project that funded the development of ICM/TOXI also funded the 
present study reported herein. 

Neither version of CE-QUAL-ICM (ICM) solves for hydrodynamics, so this 
information must be supplied by a hydrodynamic model for driving transport in 
the ICM model. The ICM model is usually linked to output from CH3D-WES 
(Johnson et al. 1991), a 3-D finite difference hydrodynamic model based on a 
structured grid scheme. Structured grids assume that computational cells are 
ordered along columns and rows, whereas unstructured grids allow cells to be 
arranged in a nonordered fashion. Thus, unstructured grids allow greater 
flexibility for describing the geometry of the domain. 

RMA10 (Norton, King, and Orlob 1973; Thomas and McAnally 1990) is a 
3-D finite element hydrodynamic model frequently used by the U.S. Army 
Engineer Waterways Experiment Station (WES). RMA10 is based on an 
unstructured grid approach. There was a need for developing a linkage to the 
RMA10 model to allow greater flexibility provided by unstructured grids for 
conducting water quality and contaminant model studies. 

Objective and Scope 

The objective of this study was to develop software to provide linkage of 
RMA10 output to the ICM code and to test the success of the linkage for simple 
test cases. The software development consisted of basically three parts: 
(a) development of a code (MAPPER) to map the finite element grid 
configuration and geometry information into a file that can be interpreted by the 
ICM code; (b) development of an RMA10 postprocessor code (FEMCONVT) to 
convert RMA10 velocity and water surface information at nodes to flows and 
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cell areas and volumes for each ICM cell; and (c) modifications within ICM to 
conform to the RMA10 linkage. Linkage testing consisted of checking local and 
global volume and mass conservation and examining the transport against known 
solutions. It is important to maintain mass conservation in water quality models 
since they are based on the mass conservation principle. 

This report is organized into chapters on Introduction, Implementation, 
Testing, and Summary and Recommendations. Appendixes A-C deal with the 
MAPPER, FEMCONVT, and ICM codes. 
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2    Implementation 

The basic requirements for the design and development of an unstructured 
grid linkage methodology for ICM are as follows: (a) generating a geometry file 
that relates the elements and their geometric attributes for an unstructured grid 
hydrodynamic model, such as RMA10, to flow faces and computational cells of 
ICM; (b) assigning a tagging system to relate flows from the hydrodynamic 
model to ICM flow faces; (c) establishing a convention for positive/negative 
flow directions; and (d) computing integrated flows across and normal to each 
hydrodynamic element face. The linkage program MAPPER conducts the first 
three tasks, while the linkage program FEMCONVT conducts the last. 

MAPPER 

The linkage geometry and map files are derived from the RMA10 element 
connection file that is generated for a hydrodynamic run. A C language program 
(MAPPER.C) was written to generate this information. MAPPER.C is described 
and listed in Appendix A. Descriptions of the RMA10 node and element 
connectivity scheme were obtained from the RMA10 documentation (Thomas 
and McAnally 1990; Brigham Young University 1994). The element connection 
file, generated by an RMA10 preprocessor code, which resides within the WES 
Coastal and Hydraulics Laboratory (CHL), provides element and node 
numbering, the 3-D coordinates of each node within the grid, and boundary 
designation information. This file is read by MAPPER.C, which generates the 
geometry (GEO) and map (MAP) files required as input to ICM. 

To accommodate unstructured grid hydrodynamics, the GEO file was 
modified so that a one-dimensional array of centroid-based grid distances, which 
are direction sensitive, is computed and replaces the original box lengths (i.e., 
BL(EB(F),QD(F))). The centroid-based grid lengths data consist of (a) distance 
from centroid of IB cell to flow face (BID); (b) centroid to centroid distance 
between IB and JB cells (BI); (c) centroid to centroid distance between the DJB 
cell and IB (BIL); and (d) centroid to centroid distance between the JB cell and 
JRB cell (BIR) (see Figure 1). The specification of the ILB, IB, JB, and JRB 
ICM cell numbers (Figure 1) is accomplished through examination of the 
element connection file. Specifically, when elements that share common mid- 
side nodes are identified, a cell face between boxes IB and JB is defined. Cells 
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Figure 1.   Grid nomenclature 

to the right or left of cells with a common flow face are determined by selecting 
the cell with the shortest centroid distance. For example, as shown in Figure 1, 
the centroid distance from Cells JB to JRB is shorter than the distance from 
Cells JB to Jl; thus, Cell JRB is selected as the adjacent right cell, or the far 
downstream cell for the QUICKEST weighting, and BIR is the distance from JB 
to JRB. 

Due to the fact that unstructured grids have no preferred grid direction, a 
convention has been adopted. A flow direction for the establishment of the GEO 
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and MAP files is assumed based upon the cell numbering scheme obtained from 
RMA10. In the horizontal direction, flow is defined to be positive when it passes 
from a smaller RMA10 element number to a larger RMA10 element number. In 
the vertical direction, flows are defined positive upward, which is the convention 
used in both RMA10 and ICM. When the flow field is read in from the HYD 
file, the actual flow directions relative to the assumed flow directions are 
determined so that the proper cells are sampled for the QUICKEST advection 
operators. 

The general concept of the MAP file was unaltered; however, additional 
information was required to relate the RMA10 and ICM grids. The processor 
program MAPPER assigns ICM cell numbers to RMA10 element numbers and 
writes the ordered pairs as the first set of records in the MAP file. The 
correspondence between hydrodynamic elements and ICM cells is arbitrary in 
that the connection is accomplished via flow face definitions. This approach is 
adopted so that the existing convention for numbering cells and flow faces in 
ICM is unaltered. 

The RMA10 element edges and ICM flow faces are related in the MAP file 
via a tag. In the horizontal direction, the flow faces between adjacent cells in 
ICM are tagged to mid-side nodes in RMA10, which are defined along element 
edges. Vertical flow faces in ICM are tagged to the top of each element in 
RMA10. These tags are used via translation arrays to relate RMA10 flow 
locations to the corresponding sequentially numbered ICM flow face numbers. 

Boundaries within the RMA10 grid are specified via nodal codes that define 
land, inflow, and tidal or head boundaries. These codes are used in MAPPER to 
specify boundaries in the MAP file. 

FEMCONVT 

The Fortran language program FEMCONVT.f was written by Dr. R. C. 
Berger of the WES CHL to read a binary RMA10 hydrodynamic output file and 
convert nodal velocities and surface elevations into cell face areas (including 
planar surface areas), volumes, and flows, which are written to another output 
file (HYD file). A listing of FEMCONVT is provided in Appendix B. The 
output of FEMCONVT is segregated into horizontal and vertical components. In 
the horizontal direction, the information provided is time-varying horizontal flow 
face areas and flows for each mid-side node. The vertical part of the 
hydrodynamic output provides element number, element planar surface area, 
volume, and the vertical flow defined on the top face of each element. 

ICM Modifications 

The original advection operator in ICM was designed to work with structured 
grid hydrodynamic models such as CH3D-WES (Chapman 1988). As a result, 
the grid is described by rows and columns of grid cells and box lengths. These 
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box lengths are used to compute the QUICKEST multipliers used for transport. 
Due to the success realized during numerous applications of the QUICKEST 
transport algorithm in both the ICM and CE-QUAL-W2 models (Dortch, 
Chapman, and Abt 1991; Chapman 1992; Chapman and Cole 1992), a similar 
approach was adopted for the unstructured version of ICM. The unstructured 
grid modifications made to the original version of ICM are presented in 
Appendix C. For ICM to accommodate unstructured hydrodynamic models such 
as RMA10, the QUICKEST multipliers had to be recast in terms of element 
centroid to centroid distances. As previously discussed, the linkage processor 
program MAPPER generates the four length scales needed to develop the 
QUICKEST multipliers. Using these length scales, the QUICKEST multipliers 
were rewritten and checked to ensure that the advection multipliers summed to 
one, and the diffusive multipliers summed to zero. 

Linkage Procedure 

To complete a linkage of RMA10 and ICM, the steps outlined below must be 
completed. 

a. A binary output file generated by RMA10, which contains the time- 
invariant grid and time-varying hydrodynamic data, must be obtained 
from the hydrodynamic modeling team. The name of this file is specified 
as RMA10 input, so it is arbitrary. 

b. With regard to the time-invariant grid data, a program named R4ICR10.f, 
written and provided by CHL, is used to read the RMA10 binary file and 
generate a 3-D ASCII element connection file named R4ICR10.out. This 
file describes the juxtaposition of all elements and nodes in the RMA10 
grid. 

c. The linkage program MAPPER.C reads R4ICR10.out and generates the 
ICM MAP and GEO files. The number and position of ICM cells or 
boxes are determined by MAPPER automatically. Presently, a parameter 
statement within the MAPPER code defines "number_of_layers," which 
must be set to the desired number of layers. This parameter can be used 
to limit the output to a single layer for debug purposes. When this 
parameter is set to the correct number of RMA10 layers, the complete 
MAP and GEO files are automatically generated. MAPPER input (i.e., 
R4ICR10.OUI) and output files for a simple 3 by 2 by 2 grid are presented 
in Appendix D. 

d. The time-varying hydrodynamic data are also extracted from the same 
RMA10 binary output file. This is accomplished using the 
FEMCONVT.f program. This program has one interactive input, which 
is the RMA10 binary file name. All grid parameters are read from the 
RMA10 binary file. The output of this program is an ASCII ICM HYD 
file. At this time, FEMCONVT.f has several limitations: 
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• ASCH output should be written in binary to reduce space requirements 
for applications with large output files. 

• Base elevation in feet relative to an RMA10 datum must be hardwired. 

• FEMCONVT only works for quadrilateral elements. 

• Parameter statements must be checked to ensure the code will 
accommodate the size of the grid. 

• Vertical diffusivities required by ICM are not computed nor output. 

• There is no provision for temporal or spatial averaging of hydrodynamic 
output. 

e.   Two additional parameters must be defined in the ICM file 
WQM_COM.INC. NFEMHFFP and NFEMVFFP are the maximum 
number of horizontal and vertical flow faces, respectively. 
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3    Testing 

Volume Balance Testing 

Initial testing of the linkage methodology using hydrodynamic flow 
information was performed on a simple 26 by 4 by 3 rectangular contracted 
channel comprised of quadrilaterals as shown in Figure 2. To test both local and 
global volume conservation, a single steady-state flow field was used. Given that 
the flow field has in fact converged to a steady-state solution, successive 
applications of the flow field using the steady-state distribution of element 
volumes as an initial state should result in no temporal change in volume. Using 
these data, ICM was run using a 1-hr hydrodynamic update for 0.2 days, or two 
hydrodynamic updates. As expected, global volume conservation was achieved. 
However, significant variations in local volume conservation were observed 
throughout the grid. This problem was further investigated by performing flow 
balances on individual cells. In regions where elements were orthogonal, flow 
imbalances on the order of 1 percent were found, where the error in flow balance 
is based on the difference in the sum of the flows scaled by the maximum flow in 
or out ofthat cell. In regions where elements were nonorthogonal, flow 
imbalances were on the order of 60 percent. Discussions with CHL suggested 
that this problem can be overcome or at least reduced to errors on the order of a 
few percent. Means of correcting the flow/volume imbalances are being 
pursued. 

Given that RMA10 flow fields can be produced with small but possibly 
acceptable volume errors, two alternatives can be adopted that will result in a 
local volume balance. The simplest option is to use the flows from the RMA10 
hydrodynamic processor, but not use the resulting volumes. Under this scenario, 
time-varying volumes are computed within ICM using the previously computed 
volume and the input flows, thereby ensuring volume and mass conservation. 
The downside of this option is that if a persistent net loss or gain is realized in 
one or more cells, problems could develop during long-term simulations. 
Specifically, cells could either dry out or become unrealisticaHy large. 

Alternatively, both RMA10 flows and volumes can be used by ICM. The 
RMA10 flow data would again be used within ICM to calculate conserving 
volumes for each hydrodynamic update interval. The difference in the RMA10 
volumes and ICM volumes can then be used to determine the volume errors for 
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Figure 2. Volume balance test grid 

each cell. If the volume error is ignored, i.e., RMA10 volumes are used, the 
model will not conserve mass, but concentrations will be conserved. For 
example, if a water quality constituent of 10 ppm is introduced into a bay that 
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contains 10 ppm, the concentrations will all remain 10 ppm, but some mass of 
the constituent will be gained or lost. 

Volume and mass conservation can be forced when using both RMA10 flows 
and volumes by introducing a volume error correction. However, under this 
option the concentrations will not remain conservative, or 10 ppm everywhere as 
in the previous example. The error correction for each hydrodynamic update 
interval is computed and added (or subtracted) incrementally over the ICM time- 
steps within that update interval. Thus, the ICM volume computed at the end of 
each hydrodynamic update interval will be identical to the corresponding 
RMA10 volume. The simplest way to implement this correction is to generate a 
source flow by dividing the total volume error for each hydrodynamic update 
interval by the hydrodynamic update time interval. As the ICM simulation 
proceeds, a volume source/sink can be added/subtracted by multiplying the 
source flow by the ICM time-step. 

Transport Testing 

To test the revisions to ICM for the unstructured grid QUICKEST multipliers, 
transport testing was done using a one-dimensional rectangular grid set up 
without and with the unstructured grid multipliers as derived from the GEO and 
MAP files generated by MAPPER. The RMA10 model was not used for these 
tests. This grid consisted of 25 boxes 100 m in length with l-m2cell face areas. 
A constant flow rate of 0.1 m3/sec was specified with no horizontal diffusion. 
Specifying a constant source concentration at the inflow, the predicted square 
wave concentrations in both simulations (i.e., with structured and with 
unstructured grid) were identical as shown in Figures 3 and 4. The algorithm 
was tested for variable grid spacing by alternating between 100- and 50-m box 
lengths and repeating the simulations. Additionally, both positive and negative 
flows were tested. All runs yielded identical results, which confirmed correct 
implementation of QUICKEST. 

Additional testing of transport was performed using a steady-state RMA10 
hydrodynamic flow field. A rectangular channel RMA10 grid was used 
consisting of 10 elements along the channel, 4 elements across the channel, and 
3 elements deep (see Figure 5). Output from RMA10 was used to drive ICM. 
Exact global mass conservation was verified via a simulation of a conservative 
tracer spot dump and simulation of a uniform tracer concentration throughout the 
grid and boundaries. In addition, a constant source square wave test was 
performed. Despite the coarseness of the grid, the expected characteristics of 
QUICKEST are preserved in that minimal undershoot and overshoot and 
smearing of the wave occur over about five grid points (see Figure 6). 

10 Chapter 3  Testing 



35 

-5 
0 

QUICKEST SQ. WAVE TEST 

10 15        20 
NODE NUMBER 

25 30 

Figure 3. Square wave test result with structured grid QUICKEST multipliers 
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Figure 5. Transport test grid 
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4    Summary and 
Recommendations 

A linkage methodology has been developed, implemented, and tested that 
allows CE-QUAL-ICM to use unstructured grid hydrodynamic information from 
the RMA10 finite element model. This has been accomplished through the 
development of two postprocessor programs, which provide flow and linkage 
information to ICM. Initial testing of volume conservation suggests that local 
volume conservation problems inherent within RMA10 limit the general skill of 
the linkage system; however, a procedure for correcting the volume errors within 
ICM is outlined. Irrespective, results of the present study suggest that further 
work towards eliminating volume conservation errors within RMA10 is 
warranted. In addition, a centroid-based QUICKEST advection scheme 
consistent with the unstructured form of RMA10 has been developed, 
implemented, and tested. Testing of the scheme shows that it is mass 
conservative and that it provides results consistent with the well-tested structured 
grid version of QUICKEST previously employed in ICM. 

With respect to future refinements of the linkage methodology, in addition to 
either correcting for or eliminating the local volume conservation errors obtained 
from RMA10, the hydrodynamic processor FEMCONVT needs to be generalized 
to accommodate combinations of triangular and quadrilateral elements. 
Furthermore, additional work is required to integrate vertical eddy diffusivities 
within RMA10 so that cell face values can be provided to ICM. Subsequent to 
these and other more minor improvements outlined in Chapter 2, the complete 
linkage methodology should be tested using a real time-varying field application. 
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Appendix A 
MAPPER Description and 
Source Code Listing 

The following is a brief description of the internal steps followed by the 
program MAPPER.C that generates the MAP and GEO files needed by the ICM 
model. This program is run after the RMA10 program is executed. There is a 
program called R4ICR10.F written by the U.S. Army Engineer Waterways 
Experiment Station Coastal and Hydraulics Laboratory that extracts the two files 
used as input by MAPPER.C from the RMA10 binary output file. A listing of 
the MAPPER.C source code follows the description. 

The step by step operations of MAPPER.C are listed below. 

Read the node-to-element connection table. Allocates each "Element" as a 
column and assigns an ID. 

Subroutine call: readElementConnectionFile() 

Subroutine description: The routine opens and reads the element to node 
connection table file. This file provides information that uniquely relates an 
element or column identification number to the associated nodes. Additional 
information obtained from this file is the coordinates of each node. At this point, 
it is assumed that RMA10 node identification numbers are being used. This 
routine creates a unique "arc" for each side of the surface layer elements, which 
can be either trapezoidal or triangular. 

Source of input file: Input file is generated by R4ICR10.f. 

Read boundary information. 

Subroutine call: readBoundaryArcFile() 
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A2 

Subroutine description: Routine reads a file that contains information about all 
"special" nodes in the RMA10 grid. These special nodes are nodes at which 
some physical parameters are specified such as head values, wall boundaries, 
open boundaries, interior boundaries, etc. This information, in addition to the 
node data from Step 1, completely describes the RMA10 grid structure. 

Source of input file: Input file is generated by R4ICR10.f. 

Relate each arc to the adjacent columns. 

Subroutine call: mapColumnsToArcs() 

Subroutine description: Routine determines the adjacent column identification 
numbers for each arc. 

Relate each column to its neighbors. 

Subroutine call: mapNeighborColumnsForEachColumn() 

Subroutine description: Routine determines for each column, all the columns 
that share a common arc. Thus, a list is generated for each column that contains 
all of its neighbor columns. 

Determine arc type. 

Subroutine call: determineArcTypeF() 

Subroutine description: Routine examines each arc and determines its type, 
which is defined to be (a) INTERNAL - arc that is internal to the grid, 
(b) BOUNDARY - arc lies at an open boundary, and (c) WALL - arc lies at the 
wall of the grid. The arc type is defined using the nodal boundary data. 

Determine upstream and downstream columns. 

Subroutine call: mapUpstreamAndDownstreamColumnsForEachColumnF() 

Subroutine description: Routine defines adjacent columns. 

Create a list of all elements in the 3-D grid. 

Subroutine call: createElementList() 

Subroutine description: Routine will generate a list of all elements in the 
RMA10 grid. First, it generates surface layer or column elements. Next, for 
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each column, it will define elements within that column from the surface down. 
The order of elements is that defined by RMA10. 

Map neighboring elements. 

Subroutine call: mapElementToNeighborElements() 

Subroutine description: Routine determines neighboring elements. This is 
accomplished by using the column information previously defined. 

Check for internal and boundary flow faces. 

Subroutine call: generateHorizontalFlowFaceListF() 

Subroutine description: Routine examines each arc, its type. If the type is 
"INTERNAL" or "BOUNDARY," it will create a flow-face for that arc; this is 
done in layer order starting at the surface then going down. For each defined 
flow face, the adjacent elements of that flow face are listed. 

Determine far upstream elements for each horizontal flow face. 

Subroutine call: mapHorizontalFlowFaces() 

Subroutine description: Routine determines for each flow face its far upstream 
and far downstream element IDs using the adjacent element ID information. 

Create the vertical flow face list. 

Subroutine call: mapVerticalFlowFaces() 

Subroutine description: Routine uses the column information defined above and 
creates a vertical flow face between each element. It also does the vertical 
mapping of upstream and downstream elements. 

Define tags that relate RMA10 and ICM flow faces. 

Subroutine call: setFlowFaceIdentifierTags() 

Subroutine description: Routine examines each flow face and tags it with a 
unique identifier. This unique identifier is defined as (a) horizontally oriented 
flow face (the top center node ID of each flow face); and (b) vertically oriented 
flow face (the RMA10 element ID of the element below the flow face). 
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Number ICM flow faces. 

Subroutine call: renumberAllFlowFacesForOutputF() 

Subroutine description: Routine renumbers the flow face identifications 
consistent with the ICM convention. 

Calculate surface areas and the centroid locations. 

Subroutine call: calculateColumnSurfaceAreaAndCentroid() 

Subroutine description: Routine will calculate surface area and centroid location 
using the surface node coordinates. 

Calculate required distances between centroids. 

Subroutine call: calculateDistanceBetweenCentroidsF() 

Subroutine description: Routine calculates the following length scale 
information for each flow face: 

(a) BIL =   Distance between far upstream element centroid and upstream 
element centroid. 

(b) BI   =   Distance between upstream element centroid and the 
downstream element centroid. 

(c) BIR =   Distance between downstream element centroid and far 
downstream element centroid. 

(d) BID =   Distance between flow face and the upstream element centroid. 

Print "MAP FILE". 

Subroutine call: printFlowFaceListF() 

Subroutine description: Routine writes "MAP" file data. 

Print "GEO FILE". 

Subroutine call: printGeoFileF() 

Subroutine description: Routine writes "GEO" file data. 
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Appendix D 
MAPPER Input and Output 
Files for Example Grid 

This appendix presents an example grid and the associated input and output 
files for MAPPER.C. The example consists of a 3 by 2 by 2 grid domain of 
12.0 m3, with element dimensions 1.0 by 1.0 by 1.0 m. The node numbers are 
shown at the corners and facial mid-points, and the element numbers are 
indicated in the center of each element in Figure Dl. Plan views are shown in 
Figure Dl for the two layers at the top, middle, and bottom of each layer. The 
node-element connectivity output file from RC4IC10.f is shown for the example 
grid in Table Dl. This file provides the input required for MAPPER.C. The 
output files from MAPPER.C, MAP and GEO, are shown for the example grid in 
Tables D2 and D3, respectively. Following is a description of the steps to 
conduct this example, along with explanations for the input and output files. 

MAPPER Input File Description 

The hydrodynamic grid is initially generated by the FastTABS program 
which is a preprocessor and postprocessor for two-dimensional (2-D) finite 
element models maintained by the U.S. Army Engineer Waterways Experiment 
Station Coastal and Hydarulics Laboratory. The user interactively constructs a 
grid within FastTABS that then outputs a mesh geometry file for later input into 
RMA. All information contained in this file is subsequently written by RMA to 
what is referred to as the RMA binary output file. This RMA output file 
ultimately will contain a complete geometric description of the grid in 3-D along 
with the time-varying hydrodynamic flow fields. The RC4IC10.f postprocessing 
program reads the RMA binary output file and creates the node-element 
connectivity file, which is the input file for MAPPER.C 

The node-element connectivity file (i.e., Table Dl) is described as follows. 
Information in the first section of this file describes the 2-D mesh geometry of 
the grid. Each line begins with a line type code consisting of two or three letters. 
Code definitions follow below. 
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5 8 13 16 2: . 24 29 

4      12      5     20      6     28 

3 7 11 15 19 23 27 

1     10      2     18      3      26 

42  
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LAYER 1 TOP 

64 86 108 

36 58 80 102 

52 74  

LAYER 1 MIDDLE 

 96 

Figure D1.   Plan view of example 3 by 1 by 2 grid (Sheet 1 of 3) 
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37 48 59 70 81 92 103 
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LAYER 1 BOTTOM 

43 so 65 72 87 94 109 
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37 48 59 70 81 92 103 
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Figure D1.   (Sheet 2 of 3) 
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LAYER 2 MIDDLE 
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Figure D1.   (Sheet 3 of 3) 
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Tl thru T3: Titles. Tl and T2 are optional, T3 is necessary. 

SI: Signifies English or SI units. English = 0, SI = 1. 

$L: logical unit numbers used by RMA specific routines. 

GO: Used to input the nodes of a GO string (RMA term). Used as a 
reference line for a renumbering of node identifier numbers done by RMA 
internally. 

GE: Element definitions. 

Field        Description 

I The first integer is the element identifier. 

2-9   The next eight integers define the nodal connectivity of the element. 
The node ordering is counter-clockwise beginning at a corner then 
sequentially around the perimeter. Eight integers are always used. 
Triangular elements that have only six nodes will have the remaining two 
integers set to zero. 

10    Material identifier (internal to RMA) 

II A real value. Represents the direction of the eddy viscosity tensor 
for the element and is usually left as zero. 

GNN: Corner node coordinates. 

Field        Description 

1 Integer. Node identifier. 

2 Real. X coordinate. 

3 Real. Y coordinate. 

4 Real. Z coordinate. 

Midside nodes are not listed. They can be calculated from corner nodes. 

Information in the second section Table Dl describes the depth dimension of 
the grid. This section begins with the specification of the following parameters: 

NP - Total number of nodes in grid. 

NE - Total number of elements in grid. 

NPM - Total number of nodes in the surface plane. 
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NEM - Total number of elements in surface plane. 

Next, the number of nodes beneath each surface node, including the surface 
node, and an integer indicating the numbering of this column of nodes are 
specified. 

NDEP - Total number of nodes in a column. A column exists for each node 
in the surface plane. 

NREF - Nodes in the surface plane are numbered sequentially. However, all 
other nodes are numbered in sequential order from the node beneath the 
surface node to the bottom within a node column. This integer is the starting 
node identifier for the first node beneath the surface plane node in a node 
column plus 1. 

The final section of Table Dl indicates for each node within a node column 
whether it is internal to the grid or positioned on the boundary. The following 
definitions apply. 

NSURF: An integer associated with each node column indicating the type of 
node column. Possible values are as follows: 

0 - Internal node column. 

1000 - Wall boundary exists at this node column. 

1200 - Head boundary exists at this node column. 

31000 - M2 tidal boundary exists at this node column. 

MAPPER Output Files Descriptions 

The program MAPPER.C reads the node-element connectivity file and 
generates the output files MAP and GEO files used as input by ICM. When 
MAPPER reads the node-element connectivity file, it builds an internal RMA 
grid. MAPPER is aware of how RMA numbers its nodes and elements. After 
completing the internal RMA grid, MAPPER can then write out the linkage and 
geometry data ICM needs. MAPPER will create the MAP and GEO files. The 
MAP file contains the RMA element to ICM cell correspondence and flow face 
definitions. The GEO file specifies the vertical relationship between ICM cells 
and lists the QUICKEST weighting distances. 

ICM MAP File Description 

The MAP file contains four sections of data. A brief explanation of each 
section follows below. 
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The first section lists the correspondence between ICM cell identifiers and 
RMA element identifiers. Note that the two models have different numbering 
schemes for their cells. This section establishes the relationship between the two 
numbering schemes. The FEMCONVT.F program, which reads the RMA binary 
output file, writes out data in terms of RMA internal element numbers and node 
numbers; therefore, the information in this section will allow a unique 
identification of each cell and flow face. 

RMA numbers elements sequentially in the order of their creation for the 
surface layer. Next, it numbers its elements from the bottom up to the layer 
beneath the surface layer going from one column to the next in the order of the 
element numbering in the surface layer. The ICM numbering scheme 
sequentially numbers the cells within a layer starting with the surface layer then 
progressing to the layer beneath till the last layer has been processed. 
Definitions of the parameters for this section follow. 

ICM - Unique ICM cell identifier. 

FEM - Unique RMA cell identifier corresponding to the appropriate ICM 
cell. 

The second section identifies each flow face in the grid. Definitions of the 
parameters for flow face definition follow. 

FFID - Unique flow face identifier. 

ILB - QUICKEST far upstream weighting cell identifier. 

IB - Cell identifier for flow donor cell. 

JB - Cell identifier for flow receiver cell. 

JRB - QUICKEST far downstream weighting cell identifier. 

TYPE - Character variable indicating type of flow face. B indicates 
Boundary. I indicates Internal flow face. 

ORIENT - Character variable indicating direction orientation. H indicates 
face is oriented for horizontal flow. V indicates face is oriented for vertical 
flow. 

LAYER - Indicates what layer the flow face is in. 

The third section lists the number of vertical flow faces in a cell column 
beneath each surface cell. Definitions of the parameters for this section follow. 

SB - Surface cell (box) identifier. 

NVF - Number of vertical flow faces beneath the surface cell. 
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The fourth section lists the vertical flow face identifiers for each ICM cell 
column iterated in the third section. Definitions of the parameters necessary for 
this section follow. 

SB - Surface cell (box) identifier. 

VFN - List of all flow face identifiers oriented vertically beneath a surface 
cell. 

ICM GEO File Description 

The GEO file contains tree sections of data. A brief explanation of each 
section follows below. 

The first section identifies for each surface cell the bottom cell directly 
beneath it. Definitions of the parameters for this section follow. 

SB - Surface cell (box) identifier. 

BBN - Bottom cell identifier. 

The second section identifies for each cell, in increasing order, the cell 
directly above it. Definition of the parameter for this section follows. 

BU - Identifier of cell above. Cell identifier is implicit in line order. 

The third section specifies the QUICKEST weighting distances for each flow 
face. Definitions of the parameters for this section follow. 

BI - Centroid to centroid distance between IB cell JB cell. 

BED - Distance from centroid of IB cell to flow face. 

BEL - Centroid to centroid distance between ILB cell and EB cell. 

BER - Centroid to centroid distance between JB cell and JRB cell. 

TYPE - Character variable indicating type of flow face. B indicates 
Boundary. I indicates Internal flow face. 

LAYER - Indicates what layer the flow face is in. 
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